AD- A 194  774 


9J9S  ALE  COP  1 

Differences  in  Visible  and  Near-IR  Responses, 
and  Derived  Vegetation  Indices,  for  the  NOA/V/1 


9  and  NOAA-IO  AVHRRs:  A  Case  Study 

k.  P.  Galls 


Satellite  Research  Laboratory,  NOAA.NESDIS,  Washington,  DC  20233 

/.  C.  Eidenshink 

T.  G.  S.  Technology,  Inc.,  EROS  Data  Center,  Sioux  Falls,  SD  37108 


Abstract:  Thi--  study  evaluates  the  differences  in  the  visible  and  near-IK  responses  of  the  Advanced  Very  High  Res¬ 
olution  Radiometers  (AVHRR)  ot  the  National  Oceanic  and  Atmospheric  Administration  (NOAA)-4  and  -10  satellites  for 
coincident  sample  locations.  The  studv  also  evaluates  the  differences  in  vegetation  indices  computed  from  those  data. 
Data  were  acquired  ot  the  southeast  portion  ot  the  United  States  tor  the  6  IXvember  1986  daylight  orbits  of  NOAA-9 
and  NOAA-in  satellites.  The  data  sets  were  registered  and  38  coincident  sample  locations  were  selected  that  included 
land  and  water  surfaces.  The  data  were  calibrated  to  reflectance  values  with  coefficients  supplied  by  NOAA.  The  visible 
and  near-IK  reflectance  values  and  the  derived  vegetation  index  values  ot  the  NOAA-s  AVHRR  were  usually  greater  than 
those  ot  the  NOAA-IO.  Visible  and  near-IK  reflectance  values  exhibited  trends  that  appeared  to  be  related  to  the  satellite 
scan  angles  at  the  examined  sample  locations,  l  inear  relationships  were  developed  between  the  vegetation  indices  of 
the  two  sv  stems.  The  v  egetation  index  values  tor  the  NOAA-9  and  NOAA-IO  AVHRR  displayed  nearly  constant  differences 
lor  a  variety  ot  surface  features.  The  results  suggest  that,  with  appropriate  gain  and  offset,  the  vegetation  indices  of 
the  two  sensor  systems  mav  be  interchangeable  for  assessment  of  land  surfaces. 
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INTRODUCTION 

in  isf  or  satei litks  to  monitor  land  surface  features  has 
increased  with  the  near  daily  coverage  of  most  Earth  loca¬ 
tions  bv  the  NOAA  senes  ot  satellites.  The  adv  anced  very  high 
resolution  radiometer  (AVHRR)  on  the  NOAA  series  of  satellites 
provides  a  nadir  pixel  resolution  of  1.1  km  (Kid well,  1986).  While 
this  resolution  is  not  as  tine  as  that  of  the  Landsat  multispectral 
scanner  iMss)  or  thematic  mapper  (TM)  or  the  System  Probatoire 
d 'Observation  de  la  Terre  (SPOT)  sensors,  its  near  daily  coverage 
of  most  locations  on  the  Earth's  surface  has  made  the  AVHRR 
system  quite  useful  to  the  research  community  (e.g..  Justice, 
1986).  The  visible  and  near-IR  bands  of  the  AVHRR  are  often 
utilized,  bv  individuals  interested  in  land  surface  features,  to 
compute  the  normalized  difference  (Nl>)  vegetation  index:  i.e., 

ND  =  (near-IR  -  visible)  /  (near-IR  -  visible). 

Ground-based  field  experiments  have  demonstrated  that  sev¬ 
eral  agriculturally  important  variables  are  related  to  the  ND  and 
other  combinations  of  two  or  more  wavebands  in  the  visible 
and  near-IR.  Agronomic  variables  related  to  these  vegetation 
indices  include  leaf  area  index  (Asrar  et  al.,  1984;  Daughtry  el 
ill.,  1983;  Dusek  et  til.,  1985;  Gallo  and  Daughtry,  1987;  Gardner 
et  al.,  1985;  Hatfield  et  al.,  1985;  Hinzman  el  al.,  1986),  the  pho- 
tosynthetically  active  radiation  absorbed  by  a  crop  canopy  (As¬ 
rar  et  al.,  1984;  Gallo  et  al.,  1985,  Hatfield  el  al.,  1984),  and  wet 
and  or  dry  phytomass  (Dusek  el  al.,  1985;  Gardner  et  al.,  1985; 
Hinzman  et  al.,  1986).  The  ND  vegetation  index  is  often  utilized 
to  minimize  the  influence  of  illumination  and  atmospheric  con¬ 
ditions  that  may  vary  from  day  to  day  or  over  longer  intervals 
(Tarpley  et  al.,  1984).  Weekly,  or  longer,  composites  of  satellite 
derived  ND  (Holben,  1986;  Tarpley  et  al.,  1984)  have  been  used 
to  classify  land-cover  types  (Tucker  et  al.,  1985),  monitor  sea¬ 
sonal  fluctuations  in  the  extent  of  vegetation  (Goward  et  al., 
1985;  justice  et  al.,  1985;  Schneider  et  al.,  1983),  and  monitor 
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monthly  variations  in  globally  averaged  atmospheric  CO-  (Tucker 
«*f  al.,  1986). 

Studies  that  utilize  NOAA  AVHRR  data  have  primarily  relied 
on  data  acquired  after  local  noon.  These  studies  utilize  the  NOAA 
satellites  assigned  an  odd  number,  e.g.,  NOAA-4  ,  which  des¬ 
ignates  the  satellite  as  one  that  has  a  northbound  Equator  cross¬ 
ing  time  of  approximately  1430  local  solar  time.  The  development 
of  clouds  in  the  afternoon  hours,  due  to  radiational  heating, 
often  precludes  daily  observations  of  many  land  surfaces  with 
the  odd-numbered  NOAA  satellites.  The  early  morning  orbit 
(southbound  Equator  crossing  time  of  approximately  0730  local 
solar  time)  of  the  NOAA-IO  (or  other  even-numbered)  satellite 
may,  when  solar  elevation  angles  permit,  provide  an  opportu¬ 
nity  for  observation  of  land  surfaces  usually  obscured  by  clouds 
at  the  time  of  the  afternoon  satellite  orbit.  The  use  of  data  ac¬ 
quired  with  both  odd-  and  even-numbered  satellites  to  assess 
or  monitor  specific  surface  features  would  be  advantageous  due 
to  the  increased  probability  of  data  uncontaminated  with  clouds. 

There  are  slight  differences,  among  the  past  and  current  AVHRR 
instruments,  between  their  visible  (band  I)  and  near-IR  (band 
2)  wavebands  and  the  response  of  the  sensors  within  these 
wavebands.  Bands  I  and  2  of  the  NOAA-s  and  NOAA-K)  AVHRR'* 
have  bandwidths,  based  on  50  percent  relative  response,  of  570 
to  700  and  715  to  982  nm,  and  573  to  684  and  723  to  981  nm, 
respectively.  The  primary  difference  between  the  satellites, 
however  is  their  different  orbital  characteristics.  On  any  single 
day,  a  specific  site  on  the  ground  would  likely  be  viewed  under 
different  conditions  by  the  NOAA-9  compared  to  NOAA-IO  sat¬ 
ellite.  The  observations  would  likely  include  different  satellite 
scan  angles,  satellite  azimuth  angles  with  respect  to  the  target, 
and  solar  elevation  and  azimuth  angles.  Additionally,  the  two 
sets  of  observations  would  most  likely  be  made  under  different 
atmospheric  conditions.  Several  of  the  effects  of  off-nadir  views, 
and  the  increased  influence  of  the  atmosphere  associated  with 
these  views,  on  the  red  and  near-IR  wavebands,  and  normalized 
difference  vegetation  index,  of  the  AVHRR  have  been  simulated 
(Holben  and  Fraser,  1984;  Holben  et  al.,  1986)  and  observed 
(Brown  et  al.,  1982;  Duggin  et  al.,  1982;  Taylor  et  al.,  1985). 
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Atmospheric  conditions  nuy  also  introduce  iKldition.il  variabil¬ 
ity  m  tin.’  vegetation  indices  computed  with  d.it.i  from  different 
si  nsors  (l.ukson  i'/  ill.,  I ‘>83). 

I  lie  objective  of  this  study  was  to  examine  the  differences  in 
tlie  visible  and  near-IK  w.nehand  responses  of  the  \OAA-‘>and 
NOAA  in  AVI  IKK  data  acquired  tor  coincident  sample  locations. 
IVittererkes  in  x  citation  indices  between  the  two  systems  are 
also  evaluated.  It  the  visible,  near-IK,  or  vegetation  index  re- 
|Mf  ibe  KVMKM  seuwww  Wt'  bight  y  relM*nt  then  the 
data  acquired  with  one  sensor  may  be  used  to  model  the  data 
unavailable  from  the  normally  utilized  satellite. 

MATERIALS  AND  METHODS 

Data  Acquisition  and  Analysis 

Data  were  acquired  of  the  southeast  portion  of  the  United 
States  for  the  h  December  l‘>8h  daylight  orbits  of  \OAA-‘>  and 
NOAA- to  satellites.  These  data  were  selected  because  they  were 
acquired  for  a  similar  area  with  nearly  cloud-free  conditions 
ox  er  a  large  portion  of  the  area.  The  near-coincident  area  of 
data  acquisition  for  the  two  satellites,  with  nearly  cloud  free 
conditions,  is  a  relatively  unique  occurrence.  Times  of  orbit  ov¬ 
erpass  along  the  nadir  paths  were  approximately  1541  and  0842 
l  s  i  tor  the  NO.VV  and  \OAA-tu  satellites,  respectively.  The 
NOA.A  ’i  image  was  geometrically  registered  and  resampled  to  a 
one-kilometer  grid  Mercator  projection  using  cubic  convolution 
(Young  and  Faille,  l‘>81).  The  NOAA-IH  image  was  registered  to 
the  NOAA-’i  image  with  an  RMSF  of  0.5  pixels.  A  total  of  38 
coincident  sample  locations  along  two  transects  were  selected 
lor  analysis  (Figure  1).  T  he  sample  locations  included  land  and 
water  surfaces.  The  effects  of  any  possible  ground  tracking  var¬ 
iations  between  the  satellites,  and  differences  in  original  pixel 
size  due  to  the  scan  angles,  were  minimized  through  the  iden¬ 
tification  of  a  three-  by  three-pixel  window  that  surrounded 
each  initially  selected  sample  location.  The  mean  value  of  the 
visible  and  near-IK  response  of  each  three  bv  three  window  was 
computed  and  utilized  in  the  analysis  of  this  study. 

1  he  satellite  \  isible  and  near-IK  data  of  the  \OAA-s  and  NOAA- 
lo  AVI  IKK  systems  were  calibrated  to  reflectance  (often  cited  as 
"albedo")  values  with  the  coefficients  supplied  with  the  data 
by  NOAA  (kidwell,  198h).  The  normalized  difference  vegetation 
index  was  computed  from  the  data  of  each  satellite  for  each 
sample  location.  Solar  Zenith  and  azimuth  angles  at  each  of  the 
sample  locations  were  computed  as  were  satellite  scan  and  azi¬ 
muthal  angles.  The  data  were  examined  for  the  influence  on 


the  different  solar  and  satellite  orbital  characteristics  on  the  vis¬ 
ible,  near-IK,  and  vegetation  index  values  for  the  range  of  sam¬ 
ple  locations. 

The  characteristics  of  the  land  surface  features  included  in 
this  study  were  not  directly  examined.  The  sample  locations 
included  primarily  forests  and  cropland  (U.S.  Department  of 
Agriculture,  So#  Conservation  Service,  l‘>81)  and  water. 

Visual  examination  of  displayed  images  of  the  acquired  visi¬ 
ble  wow-w  4TU  nf  both  suhetUn  >.  m  i*  awed  to  «<tai  thi* 

sample  locations  and  verify  cloud-free  conditions.  Sky  cover 
data  near  the  times  of  satellite  orbit  over  the  southeast  U.S. 
were  obtained  from  the  National  Climatic  Data  Center*  of  NOAA 
to  supplement  the  visual  verification  of  clear  sky  conditions 
over  the  sample  locations. 

RESULTS  AND  DISCUSSION 

Solar  and  Satellite  Geometry 

The  nadir  paths  and  times  of  orbits  of  the  two  satellites  result 
in  a  variety  of  satellite  and  solar  geometric  differences  between 
the  data  acquired  with  NOAA-s  compared  to  NOAA-K).  The  nadir 
paths  of  the  two  satellites  (Figure  1)  result  in  a  near  nadir  view 
(scan  angle  of  nearly  0  degrees)  of  sample  location  6  with  the 
NOAA- in  AVHKR  (Figure  2).  The  scan  angles  of  both  satellite  sys¬ 
tems  increased  to  a  maximum  at  location  27.  Scan  angles  for 
NOAA-1*  increased  from  locations  1  to  27.  A  positive  scan  angle 
(Figure  2),  as  utilized  in  this  study,  denotes  a  scan  in  an  easterly 
direction.  Scan  angles  along  the  southern  transect  (not  shown) 
varied  less  for  both  satellites,  compared  to  the  northern  tran¬ 
sect.  The  range  of  scan  angles  along  the  southern  transect  var¬ 
ied  less,  compared  to  the  northern  transect,  as  the  southern 
transect  is  nearer  to  ‘he  nadir  path  of  both  satellites,  and  the 
southern  transect  is  less  than  that  of  the  northern  transect  (Fig¬ 
ure  1). 

Satellite  azimuth  angle,  the  angle  from  which  the  satellite 
views  the  sample  location,  varies  as  a  result  of  the  location  of 
the  nadir  path.  Locations  1  through  27  were  viewed  by  NOAA- 
4  (Figure  2)  from  the  west.  Locations  1  through  6  were  viewed 
by  NOAA- 10  from  the  east  while  locations  7  through  27  are  viewed 
from  the  west.  Locations  28  and  29  on  the  southern  transect 
were  viewed  by  NOAA-o  from  the  east,  while  locations  30  through 


'  National  Climatic  Data  Center,  NOAA/XFSDIS,  Federal  Building, 
Asheville,  NC  28801 


Fig  1  Selected  sample  locations,  satellite  nadir  paths,  and  climatological  data  stations  included  in  the  study 
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Fig.  2.  Solar  elevation  angles  and  satellite  scan  and  azimuth  angles 
(south  180  )  for  the  sample  locations  of  the  northern  transect  of 
the  study  Positive  scan  angles  indicate  scan  in  easterly  direction. 


38  art.  viewed  from  the  west.  NOAA-IO  viewed  locations  28 
through  36  from  the  east,  and  locations  37  and  38  from  the  west. 

Solar  elevation  above  the  horizon  decreases  at  sample  loca¬ 
tions  1  through  27  for  the  NOAA-o  data  (Figure  2),  while  it  in¬ 


creased  for  the  NOAA-IO  data.  Solar  elevation  angles  varied  less 
between  the  two  satellites  for  data  acquired  along  the  southern 
transect. 

Solar  azimuth  angles  (not  shown)  varied  little  over  the  two 
transects,  with  the  sun  positioned  southwest  of  the  sample  lo¬ 
cations  at  the  time  of  the  NOAA-l>  orbit,  and  east-southeast  of 
the  locations  at  the  time  of  the  NOAA-IO  orbit. 

Differences  in  the  Visible  and  Near-IR  Responses  of  the 
Sensors 

The  visible  and  near-IR  response  of  both  AVHKR  sensors  (Figure 
3)  tended  to  increase,  from  west  to  east,  along  the  northern 
transect.  NOAA-o  visible  and  near-IR  response  was  greater  than 
NOAA-li)  response  at  all  locations  of  the  northern  transect  except 
locations  27.  Sample  location  27  was  positioned  in  the  Atlantic 
Ocean  (Figure  1). 

The  increases  and  decreases  in  visible  and  near-IR  response, 
from  location  to  location,  were  similar  for  the  two  satellites.  The 
amplitude  of  these  fluctuations  was  greater  for  the  NOAA-o  data 
from  locations  1  through  19. 

f  ijcatioTW  4.  tl'cuugt  56  aw  viewucS  by  N  i.A  V*  jurui  IlkmUu* < 
12  through  26  as  viewed  by  NOAA-IO  displayed  a  trend  of 
increased  visible  and  near-IR  response  for  progressively  eastward 
locations  (Figure  3).  This  trend  appears  related  to  increased  scan 
angles  of  the  satellites  and  the  associated  increase  in  the  amount 
of  the  Earth's  atmosphere  between  the  satellite  and  Earth's 
surface.  The  NOAA-in  visible  and  near-IR  response  did  not  exhibit 
the  trend  observed  in  the  NOAA-v  for  locations  1  through  12. 
Visible  and  near-IR  data  presented  by  Duggin  ct  al.  (1982),  for 
the  central  United  States  centered  on  Illinois,  displayed  little 
variation  between  ±  14°  scan  angles.  The  scan  angles  of  the 
NOAA-li)  satellite  for  these  locations  ranged  from  - 13.7  to  13.5 
degrees.  The  satellite  scan  angles  at  these  locations  for  the  NOAA- 
4  views  tanged  from  15.8  degrees  al  location  1  to  37.1  degree* 
at  location  12. 

Stimulated  NOAA-7  AVHRR  measurements  of  bidirectional 
reflectance  (Holben  ct  al.,  1986)  indicated  that  near-IR  and  visible 
Tj'fjeCl  siuv  w  (U  vary  when  uiniovl  us  Large  ntan  -ugle«  Hmltrfi 
ct  al.  (1986)  also  found  that  simulated  reflectance  was  greater 
from  the  backward  scatter  view  (view  away  from  direction  of 
sun)  as  opposed  to  forward  scatter  direction.  The  NOAA-IO  view 
of  the  northern  transect  east  of  location  6  would  be  considered 
a  forward  scatter  direction  while  the  NOAA-9  view  would  be 
considered  backward  scatter.  The  difference  between  the  NOAA- 
v  and  NOAA-K)  visible  response  (Figure  3)  is  nearly  constant  with 
increased  scan  angles  from  sample  locations  12  through  25.  A 
slight  decrease  in  the  NOAA-4  and  NOAA-IO  near-IR  response 
difference  occurs  with  increased  scan  angles  up  to  location  25 
(Figure  3).  The  solar  elevation  angle  differences  between  the 
satellites  (Figure  2)  decreased  from  5  degrees  at  location  16  to 
essentially  no  difference  at  location  25.  These  results  indicate 
that  the  forward  scatter  view  (the  view  of  NOAA-IO)  has  a  relatively 
greater  near-IR  response  at  the  large  scan  angles  and  locations 
viewed  in  this  study. 

The  visible  and  near-IR  responses  for  the  two  satellite  views 
along  the  southern  transect  fluctated;  though  they  still  displayed 
similar  patterns  (Figure  4).  The  data  for  site  28  were  excluded 
from  subsequent  analysis  due  to  possible  cloud  contamination 
of  the  NOAA-o  data.  Climatological  Data  for  Baton  Rouge, 
Louisiana  (identified  as  "K"  in  Figure  1)  indicated  a  sky  cover 
of  80  percent  near  the  time  of  the  NOAA-9  data  acquisition.  This 
was  the  only  sample  location  judged,  through  visual  examination 
of  the  images  or  through  climatological  data,  to  have  cloud 
contamination  and  excluded  from  further  analysis. 

Similar  to  the  results  of  the  northern  transect,  NOAA-v  visible 
and  near-IR  response  for  the  southern  transect  was  greater  than 
that  of  NOAA-IO.  The  trend  exhibited  in  the  northern  transect 
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Fig.  3  Visible  (percent),  near-iR  (percent),  and  normalized  difference 
response  for  the  sample  locations  ~f  the  northern  transect  of  the 
study 


of  increased  visible  and  near-IR  values  with  increased  scan  angles 
was  not  apparent  for  the  southern  transect.  The  visible  response 
ot  MOAA-R  exhibited  a  slight  (location  35  excluded)  increase  with 
increased  scan  angle  for  locations  30  through  38  in  the  backscatter 


Sample  Locations 

Fig.  4.  Visible  (percent),  near-iR  (percent),  and  normalized  difference  re¬ 
sponse  for  the  sample  locations  of  the  southern  transect  of  the  study. 


direction.  The  scan  angle  for  the  NOAA-s  view  of  location  38 
was  22.4  degrees.  The  greatest  satellite  scan  angle  along  the 
southern  transect  was  23.2  degrees  for  the  NOAA-10  view  of 
location  28.  The  NOAA-H)  data  at  location  28  were  not  judged 
(through  visual  examination  of  the  image  and  through 
climatological  data)  to  have  cloud  contamination.  Only  a  slight 
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increase  in  NOAA-IO  visible  is  displayed  from  location  34  through 
28  in  the  backward  scatter  direction.  This  increase  may  be  due 
to  changes  in  the  surface  reflectance  as  the  NOAA-9  visible 
response  also  increases  while  scan  angles  decrease  from  12.8 
degrees  at  location  34  to  0.8  degrees  at  location  29. 

Differences  in  the  Vegetation  Indices  of  the  Sensors 

The  normalized  difference  vegetation  indices  computed  for 
the  locations  along  the  northern  transect  (Figure  1)  were  all 
larger  for  the  NOAA-9  data  compared  to  NOAA-U),  except  at  sample 
location  27.  This  result  is  similar  to  that  for  the  individual 
channels.  While  the  individual  channel  data  increased  with 
progressively  eastern  sample  locations,  the  ND  (Figure  3)  was 
fairly  stable  along  the  transect  for  each  satellite.  There  appears 
to  be  a  slight  decrease  in  the  ND  (Figure  3)  for  the  greater  satellite 
scan  angles  of  the  progressively  eastern  land  surface  locations 
(up  to  location  26)  of  the  transect.  A  portion  of  the  decrease 
may  be  attributable  to  unsubstantiated  changes  in  the  land  surface 
features  along  the  transect;  however,  this  result  agrees  with 
results  observed  for  AVHRR  normalized  difference  data  by  Duggin 
ft  al.  (1982)  and  Taylor  et  at.  (1985).  Similar  to  the  visible  and 
near-IR  response,  the  NOAA-9  and  NOAA-IO  vegetation  index 
values  display  similar  patterns  of  fluctuation  along  the  transect 
although  the  amplitude  of  the  fluctuation  is  greater  for  the  NOAA- 

9  indices. 

Similar  to  the  results  of  the  northern  transect,  NOAA-9  ND 
values  (Figure  4)  were  greater  than  those  of  NOAA-IO  along  the 
southern  transect  (except  for  the  sample  that  included  water, 
location  35).  The  amplitude  of  the  fluctuations  was  not  as  great 
as  that  observed  along  the  northern  transect. 

Visible,  Near-IR,  and  Vegetation  Index  Relationships 

The  NOAA-9  visible  and  near-IR  response  and  normalized 
difference  values  were  evaluated  with  their  corresponding  NOAA- 

10  values  for  each  sample  location.  A  linear  relationship  (F  = 
36.38,  P  $0,001;  RMSE  =  0.48)  exists  between  the  visible  response 
values  of  the  two  satellites  (Figure  5);  however,  NOAA-9  visible 
response  increased  from  2.4  to  3.4  with  no  apparent  increase 
in  NOAA-IO  values.  NOAA-io  values  increase  from  approximately 
2.5  to  5.5  with  relatively  little  change  in  NOAA-9  values.  The 
NOAA-io  visible  response  was  associated  with  77  percent  of  the 
variation  in  the  NOAA-9  response  (F  =  108.0,  P  $0,001;  RMSE 
=  0.34)  when  the  two  water  surface  samples  (sample  locations 
27  and  35)  were  excluded  from  the  analysis. 

The  relationship  between  the  near-IR  response  of  the  two 
sensors  was  also  linear,  however,  more  variable  than  that  of 
the  visible  response  (F  =  13.6,  P  $0,001;  RMSE  =  1.04).  The 
near-IR  response  for  the  water  surface  locations  range  from  1.4 
to  4.1  for  NOAA-10;  however,  the  range  is  only  1.7  to  2.1  for 
NOAA-9.  The  variation  in  the  NOAA-10  near-IR  response  was 
associated  with  59  percent  of  the  variation  in  the  NOAA-9  data 
(F  =  47.9,  P  $0,001;  RMSE  =  0.48)  when  the  two  water  surface 
samples  were  excluded. 

Linear  relationships  were  evident  between  the  vegetation  index 
values  of  NOAA-9  and  those  of  NOAA-10  (Figure  5).  The  NOAA- 
10  normalized  difference  index  was  associated  with  92  percent 
of  the  variation  in  the  NOAA-9  index  (F  =  400.26,  P  $0,001; 
RMSE  =  0.05).  Although  a  linear  relationship,  the  NOAA-9  values 
for  a  specific  location  were  greater  than  those  of  NOAA-10  (except 
for  the  water  surface  locations).  The  gain  and  offset,  derived 
from  the  data  of  this  study,  that  would  permit  computation  of 
NOAA-9  ND  values  from  NOAA-IO  values  were  1.4  and  0.04, 
respectively. 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  results  of  this  study  indicate  that  for  land  surface  features 
the  NOAA-9  satellite  data  included  greater  visible  and  near-IR 
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response  values  compared  to  NOAA-tu  data.  Those  greater  re¬ 
sponses  wore  observed  even  when  the  solar  elevation  angles 
were  nearly  equal  at  the  sampled  locations  viewed  bv  the  two 
satellites 

The  results  ol  this  study,  as  also  reported  by  others,  indicate 
that  v  isible  and  near-IK  responses  increase  with  increased  sat¬ 
ellite  scan  angles  tor  land  surface  features.  The  vegetation  in¬ 
dices,  as  expected  from  the  results  of  prior  studies,  were  not 
influenced  by  increased  scan  angles  as  greatly  as  the  visible  or 
near-IK  response.  There  appeared  to  be  a  slight  decrease  in  the 
\P  v  egetation  index  with  progressivelv  larger  scan  angles. 

The  noaa-10  visible  and  near-IK  response  were  associated 
with  less  of  the  variability  in  the  NOAA-4  visible  and  near-IK 
response  compared  to  a  vegetation  index  computed  from  the 
data.  I  his  result  supports  the  use  of  a  vegetation  index,  com¬ 
pared  to  individual  channel  responses,  for  multisensor  assess¬ 
ments  ot  land  surfaces. 

The  normalized  difference  vegetation  index  appears  to  be  a 
simple  method  ot  making  relative  assessments  of  land  surface 
natures  with  WIIRK  data  acquired  from  either  a  morning  or 
afternoon  orbit.  This  index,  with  an  appropriate  gain  and  offset, 
may  also  be  a  method  for  utilizing  the  data  of  a  \OAA  AVHRR 
with  a  morning  orbit  as  a  substitute,  when  data  are  not  avail¬ 
able,  tor  an  afternoon  orbit.  Future  studies  might  include  eval¬ 
uations  of  additional  vegetation  indices,  as  well  as  the  normalized 
difference  index. 

Recommendations  include  further  evaluation  of  the  similari¬ 
ties  and  differences  between  the  data  of  the  morning  and  after- 
iiiv>n  orbits  i mila?  varied  Jful  wmiUv  wTwni  pxwKihta  miUr 
illumination,  satellite  view  angles,  and  surface  feature  condi¬ 
tions.  Future  studies  might  include  evaluations  of  additional 
vegetation  indices  as  well  as  the  normalized  difference  index. 
I  he  utilization  of  these  data  as -input  to,  or  as  verification  of, 
models  may  result  in  a  confident  estimate  of  the  AVHRR  visible, 
near-IK,  or  v  egetation  index  response  for  an  afternoon  orbit  with 
data  acquired  from  a  morning  orbit. 
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